ABSTRACT We have identified a Japanese patient with adult T-cell leukemia (ATL) whose T cells in vitro produced the human T-cell leukemia virus (HTLV). This patient presented with lymphomatous arthritis and leukemia and subsequently developed skin lesions. Skin invasion by malignant T-cells was angiocentric and produced vessel wall destruction, resulting in necrotic cutaneous tumor nodules. Malignant T cells in peripheral blood, skin, and joint prior to culture in vitro did not express p19 HTLVassociated antigen. However, by electron microscopy, intracellular type C viral particles were seen in skin-infiltrating T cells. Peripheral blood malignant cells after 7 days in culture with Tcell growth factor-supplemented media expressed p19 antigen, and type C virus particles were seen by electron microscopy to be budding from malignant T lymphocytes. Mitomycin-C-treated peripheral-blood T cells induced the transformation of cord blood T cells into HTLV-infected p19+ T cells. The demonstration of HTLV in malignant T cells from our patient confirms the association of HTLV with Japanese adult T-cell leukemia. Moreover, HTLV may be associated with a vasculitis-arthritis syndrome.
A syndrome of adult T-cell leukemia (ATL) has been recognized to be endemic in restricted areas of Japan (1, 2) . A virus, ATL virus, has been detected in ATL-derived T-cell lines, and a close relationship between ATL and ATL virus has been suggested by serologic and biochemical analyses (3) (4) (5) . In 1980, Poiesz and coworkers described human T-cell leukemia virus (HTLV) and have shown its association with a variety of clinical mature-T-cell lymphoproliferative syndromes in various areas of the world (6, 7) . Recently, Gallo and colleagues have shown HTLV to be similar to ATL virus (8) (9) (10) . In this report, we describe a Japanese patient with ATL with unusual clinical manifestations of the disease, namely arthritis and cutaneous lymphomatous vasculitis. Moreover, we have isolated a strain of HTLV from cultured peripheral blood (PB) T (11) . Four-micrometer frozen sections of skin were cut, fixed, and stained as described (12, 13) . joint fluid was processed for immunofluorescence as for PB cells. The panel of monoclonal antibodies used for phenotyping malignant T cells in skin, joint, and PB have been characterized and reviewed in detail (11, 14) . Samples of cells in suspension or skin tissues were fixed in 2% glutaraldehyde and processed for electron microscopy by standard techniques. PB cells were cultured for 5-7 days in RPMI 1640 medium either supplemented with 20% fetal calf serum alone or supplemented with 20% fetal calf serum/50% crude T-cell growth factor (TCGF) (New England Enzyme Center, Boston, MA). SD PB cells cultured in TCGF were treated with mitomycin C (40 Ag/ml) for 1 hr at 370C and cocultured with cord blood lymphocytes in the presence of phytohemagglutinin (1 /ig/ml) supplemented with TCGF-containing media.
After 3 passages in TCGF-supplemented media, the transformed cord cells were assayed for intracellular HTLV-associated p19 antigen as described (15) .
Assays for HTLV-Associated Antigens. Assay for intracellular p19 antigen in tissue and various cell suspensions was through indirect immunofluorescence with anti-HTLV p19 (antip19) monoclonal antibody 12/1-2 (the gift of M. Robert-Guroff) and P3 x 63/Ag8 ascitic fluid as a control (15) . Assay for HTLV p24 core antigen in tissue and various cell suspensions Abbreviations: ATL, adult T-cell leukemia; HTLV, human T-cell leukemia virus; TCGF, T-cell growth factor; PB, peripheral blood; anti-p19 and -p24 antibodies, antibodies against HTLV-associated p19 and p24
antigens.
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was through indirect immunofluorescence with goat anti-HTLV p24 (anti-p24) antiserum (the gift of V. Kalyanaraman) and normal goat serum as a control (16) . Surface or intracytoplasmic reactivity of SD's PB fresh or cultured cells with known HTLV-patient serum (T-1124, the gift of R. Gallo) or with autologous serum was determined by using serum diluted 1:10 in indirect immunofluorescence assays and developed with goat anti-human IgG (TAGO, Burlingame, CA). In each experiment, normal human serum (nonimmune to HTLV) was used as a control.
Assay for Serum Anti-HTLV Antibodies. Assay for serum anti-p19 and anti-p24 antibodies was performed by using SD serum, T-1124 serum (known HTLV antibody positive) or normal human serum to immunoprecipitate "2I-labeled disrupted HTLV extract as described (16) (17) (18) . Table 1 . Of particular interest was the observation that both PB and skin-infiltrating T cells were erythrocyte-rosette+, 3A1-, Leu 3a (T4)+, and Leu 2a (T8)- (Fig.  1B) . This T-cell phenotype is consistent with that previously reported for patients with American cutaneous T-cell lymphoma (CTCL) leukemias (11), one of whom has subsequently been shown to be infected with HTLV (CR) (6) . Regarding antigens T3, T4, and T8, the T3+, T4+, T8-PB phenotype is consistent with that reported for other Japanese ATL patients (19 by radioimmunoprecipitation of '"I-labeled HTLV proteins followed by NaDodSO4/polyacrylamide gel electrophoresis (20) (Fig. 2) . Assay for infectivity for HTLV for human cord blood T cells was performed by M. Popovic (National Institutes of Health); 40% of cord T cells were p19+ after three passages in TCGF-supplemented media when cocultured with mitomycin C-treated SD PB malignant T cells. Electron Microscopy Analysis of SD Skin and Cultured T Cells. Examination by electron microscopy of 7-day cultured T cells in either medium alone or medium supplemented with TCGF revealed budding type C HTLV particles (Fig. 3 A-C) . In addition, it was observed that the virus particles invariably were located in a polar distribution on the surface of malignant T cells (Fig. 3D) . Even though skin T cells were pl9-and p24-, intracellular type C particles were seen in skin-infiltrating T cells (Fig. 3E) .
DISCUSSION
We report a patient with Japanese ATL whose T cells harbor HTLV. PB malignant T cells in culture with and without TCGF expressed the HTLV-associated p19 antigen, and budding virus was seen by electron microscopy in cells from both types of cultures. Serum antibodies were present to p19, p24, and p46 HTLV antigens, and mitomycin C-treated SD malignant T cells were able to transform cord T lymphocytes.
In view of the similarity of Japanese ATL to HTLV-positive cases from the USA, sera from Japanese patients with ATL have been examined and found to contain high-titer antibodies to HTLV structural proteins (9) . Further, nucleic acid homology analysis with HTLV-specific cDNA probes has shown that ATL virus is either identical to or a closely related strain of HTLV (10) . Thus, the demonstration of anti-HTLV antibodies in SD serum, the expression of p19 in cultured SD PB cells, the expression of p24 antigen in cultured and fresh PB cells, the demonstration of the virus by electron microscopy, and the transmission of the virus to cord T cells confirms the association of HTLV with this case of Japanese ATL. Moreover, by using HTLV-specific cDNA probes, it was shown that SD PB malignant T cell DNA contains 1 copy per cell of HTLV proviral DNA (unpublished data).
The phenotype of SD skin and PB malignant T cells was usual for HTLV-associated T-cell leukemia in that they were 3A1-, T4+, T8- (11, 21) . However, this patient is the first patient with a 3A1-leukemia in whom we have been able to assay simultaneously for 3A1 skin-infiltrating T cells. Because SD skin T cells were also 3A1-, and most if not all benign skin infiltrations are 3A1+ (13) , these data confirm that the 3A1-, T4+ phenotype of skin-infiltrating T cells, when present, may be of use diagnostically for malignancy. It is important to note that the patient's clinical course was somewhat unusual in that she had cutaneous lymphomatous vasculitis and presented with arthritis (1, 2).
Of particular interest was the observation that SD malignant PB T cells cultured in media alone expressed HTLV p19 antigen and produced type C viral particles, suggesting that in vivo inhibitory factors rather than the in vitro requirement for TCGF might be relevant to the lack of tissue and PB HTLV antigen expression. In preliminary experiments, we showed that plasma but not serum from SD and other HTLV-positive cases inhibited the in vitro expression of HTLV-associated p19 antigen (unpublished data). The significance of intracellular but not budding type C retrovirus particles in SD skin T cells is not known because there were no detectable p19+ or p24+ T cells in skin. However, -SD serum [and serum of most other HTLV-associated cases of T-cell malignancy (8, 9) ] contain high titers of anti-p24 and anti-p19 ar*ibodies, implying expression of these antigens at some sites in the body. Although sk-in-inProc. Natl. Acad. Sci. USA 80 (1983) Proc. Natl. Acad. Sci. USA 80 (1983) filtrating malignant T cells were negative for HTLV p19 and p24, this negativity may reflect our inability to detect by fluorescence small but immunogenic amounts of these HTLVassociated antigens. Type C viral particles have been observed in Langerhans cells in the skin of mycosis fungoides patients but not in skin malignant T lymphocytes (21). It is important to note that small numbers of PB and joint-infiltrating T cells were p24 (Table 2 ) and may constitute sites of in vivo HTLV expression. However, a critical question remains as to where the primary sites of in vivo HTLV expression are located.
Because cDNA hybridization studies have shown that HTLV from SD is highly related and probably identical to HTLV originally isolated from patient CR (designated HTLV-1CR) (M. Reitz and R. C. Gallo, personal communication), we have named the isolate from our patient HTLV-ISD.
Thus, the demonstration of HTLV (HTLV-lsD) in malignant T cells from our patient confirms the association of HTLV with Japanese ATL.
